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AN INVZSI’IGATION

HAVING A

OF A SUPERSONIC AIRCRAFT CONFIGURATION

TAZ’EREDWING WITH CIRCtlT2U-ARC

SECTIONS AND

STATIC LONGITUDINAL

CHJWMXERISTICS AT

l!.o”SWEW6ACK

STABILITY m

A MACH NUMHER

By M. Leroy Syesrman

SUMMARY

CONTROL

OF 1.40

An investigation has been conducted in the Lengley & by &foot
supersmic tunnel to determine the longitudinal stability and control
characteristics of a model of a supersonic airplsne configuration at
a Mach number of 1.40. The model had a kOO sweptback wing with
l-percent-thick circular—arc sections normal to the qusrter+hord line.

The results of the investigation indicated a high degree of longi–
tudinal stability that was fairly constant throughout the trin+lift–
coefficient range. The altitude and maneuverability in flight at a
Mach number of 1.40 of an airplane similer to the model would be limited ‘-
by the low maximum trim lift coefficient (0.3) attainable with the
maximum negative stabilizer incidence available. The stabilizer hinge–
mommt persisters were large but, because of their linear nature,
probably could be reduced by relocating the stabilizer ~ivot point.

,INTRODUCTION

One of the important fields of research at supersonic speeds is ..
that concerned with the problems of stability and control. A need
exists for comprehensive wind-tunnel investigations of supersonic air-
craft configurations to detetine experimentally the stability ad
control characteristics at supersonic speeds. Such irivestigations
should include the effects of various aircrtit “componentson the --
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over-all stability characteristics and provide experimental data for *
subsequent correlation with theoretical calculations. An investigation
of two supersonic aircraft configurations has been made in the ,.

Langley 9-inch supersonic tunnel (reference-l);however, tests of only ‘“ ““
the complete mcdels with fixed control surfaces were made.

An investigation has been conducted in the Langley & by &foot
supersonic tunnel to determine the aerodynamic characteristics of a
relatively large size model of one of the supersonic aircraft configu-
rations utilized in reference 1. This model was equi~ped with a remotely”
controllable stabilizer, a movable rudder, tid movable ailerons. In
additia, the horizontal tail, vertical tailj wing, and canopies were _ ,
detachable. Forces and moments acting on the model w6>e measured by
mans of a six-component internal strain~~ balance and all control–
surface hinge mommts were measured by means of strain gages. Although
complete longitudinal, lateral, aciddirectional stability and control
data as well as model+meakdown data have bekm obtained at Mach numbers
of 1.40 and 1.59~ this pa@r presents only the results of the longi-
tudinal stability and control Investigation&t a.llachnmber of’1..40. .4,
A smnewhat detailed description of the modelj balance, and support
system is included to serve as a reference for future papers.

.

—

—
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COEFFICIENTS AND SYMBOLS
-.—

The resdts of the tests are presented as standard N/WA coeffi-
-

cients of forces and moments and are referenced to the stability axes
-.

shown in figure 1. The referencecenter of”gravity (indicated in
fig. 2) is at the 25-percent mean aerodynandc chord.

—
—

The coefficients and symbols are defined as follows:

CL lift coefficient
(

Lift

)
— where Lift = +
qs

Cm

Cht

( )‘% where wag = -Xdrag coefficient
qs

()
pitchin~oment coefficient ~

qSG

()

Ht-
stabilizer hinge—momsnt coefficient —

qst-qj

z force along z-axis, pounds

x force along X-axis, pounds

—
-.

.“

. ..

,.-

.—
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pitching mom?mt about Y-exis, foot-pounds

stabilizer hinge monwnt measured about 21~rcent point of
the stabilizer mean aerodynamic chord, foot-pounds

free-streem dynamic pressure, pounds ~r square foot

wing area, square feet

stabilizer area, square feet

wing mean aerodynamic chord, feet @J@c24

airfoil section chord, feet

distance along wing span, feet

stabilizer mean aerodynamic chord, feet

angle of attack of fuselage center line, degrees

stabilizer incidence engle with respect to fuselage center
line, degrees

effective downwash angle, degrees

increment of pitching+nomnt cmfficient provided by
the tail

ratio of lift

wing loading,

to ~%! (WCD)

pounds per squere foot

stabilizer effectiveness, rate of change of pitching+noment
coefficient with stabilizer incfden~e an&e –

rate of chamge of downwash angle with angle of attack

trh+lift-curve slope .

rate of change of pitching+mxuent coefficient with
lift coefficient

Mach number

.
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rate of

with

Chb rate of

with

The Langley 4- by

.
.-

change of stabilizer hinge+notint coefficient

(())
dc!ht

angle of attack —
\~i~

.

change of stabilizer-,hf~e+.mmentc~fficient .-

( ))

~Cht
stabilizer incidence~angle

~a

.,.-.—
APPARATUS .. .-

Tunnel

k+oot supersmic tunnel in which the tests
were conduct=d i.sa clcmed—throa~ single+ejmrn tunnel having a nominal
Mach number range of 1.2 to 2.2. Chen@s in Mach nuniberare effected “ ~
throtgh the use of a flexible wall nozzle. With the present drive
motor of 6000 horsepower, the operating stE&nation ti”essureof”the ‘ . ,..=
tunnel is limited to a maximum of 0.3 atmosphere. .

Model and Support System .:

A three-view drawing of the model is shown in ff”~e 2 ~d”the ‘.
geometric.characteristics are presented in table I. .Themodel selected
for these tests had a wing with 40° of sweep at the quarter-chord line,
aspect ratio 4, taper ratio of 0.5, and wa~”comjosed.’ofsymmetrical
l&percent-thick circular—arc sections in a plane normal to the quertgm-
chord line. For the basic stability investigation, the wing was equipped
with fla.t-eldedailerons with a blunt trailing edge having a thick-
ness 0.5 of the hinge-line thickyess. The $’uselageand canopy coor-
dinates are given in reference 2.

—
.-

The aileron and rudder were ad$mtablb”’and were “setmanually. The
-.

angle of incidence of the stabilizer wae rq~otely controlled through
the use of an electric motor housed within’the fuselage. The horizontal
tail, vertical.tail~ canopies, and wing were detachable in order to -
facilitate the testing of various,conibinations(fig. 3).

The model was mounted on a sting support that provides angular
movements In a horizontal plane in such a manner that the model remains ““ _
approximately in the center of the test secfjion.‘DetE1.lsof the “support ....-

system are shown in figure 4. The model and support at a negative angle
of attack are shown in figure 5. An angle.~f *11° may be obtained.befom

*

the rear of the sting touches the tunnel side wall. B-ytraversing the

---- :;-..=:. .:
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. sting laterally
verticsl center
to ti6.30. The
of tent stings.
about 1 inch to

so that the model moves about 10 inches from the
line of the tunnel, the angle ramge may be extended
angular range can be extended further through the use
Stings having fixed bends of 3° and 60 at a point
the rear of the model base have been used. The model

and stings could be rotated so that tests could be made in the angle–
of-attack plane at fixed yaw angles (wing vertical) or in the smgle–
of-yaw plane at fixed angles of attack (wing hwizontal).

Balemce

The mcdel was equipped with a special six-com~onent wire-strain-
gage internal balance. The balance was temperature compensated and
the interaction between components was within the accuracy of the scale
readings. Forces and moments on the balance were transmitted to a
Brown self+mlancing potentiometer from which individual readings of.
the six components were visually recorded. A selector switch for each
component ~ovided four scale ranges so that the sensitivity of the
system could be increased for conditions of low loading.

Einge moments for the rudder, aileron, and stabilizer were obtained
through the use of wire-stra~age balances with separate dial indicators
provided for each control surface.

The six-component balance and the hinge+mment balances were ceJ_i-
brated in the laboratory and in
before and after and frequently

Test

place in the tunnel and were checked
during the test program.

TESTS

Conditions -

All tests were conducted at a Mach number of 1.40 with a stagnation
pressure of 1/4 atmosphere sad a stagnation temperature of 110° F. The
calibration of the Mach inmiber1.40 nozzle is presented in reference 3.
The stagnation dew point was maintained
condensation effects might be prevented

The dynamic pressure for the tests
foot md the Reynolds nuniberbased on a

was about 6 x 105.

at <5° F or less so
(reference 3).

was about 229 pounds
mesn geometric chord

that adverse

per squere
of 0.557 foot

.

.
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Corrections and Accuracy

No attempt was made to evaluate the-tare forces czused by sting
interference and no tares were applied to the results.: Though it is
indicated that the tare forces caused by-sting interftience are small ‘“””“
(reference 4), the exact magnitude is net known. _ ~

Sting deflection under load was negligible and no angle-of-attack
correction wae necessary. The variation in &lachnumber in the vicinity
of the model due to flow irregularities is about ti.01. The flow
angularity in the horizontal plane is about @.2° and~n the vertical
plane about 0.270 to -O.11O. Tests made with the model in the hori-
zontal -plane.at6° angle of attack (using 6°,bent sting) indicated
excellent agreement with data obtained with.the model in the vertical ““

—

plane at 6°-ang@ of attack using the strai~t sting.L_Theae data are ._
included in the figures as an indication of the small effect of the
bent sting and of the flow angularity on the”test results.

The maximum uncertainties in”the aerodyimmic coefficients (due
to the balance system) are as follows: .-

Normalfcxce. . . . . . . . . . . . . . . .. . . . .=. . . &o. Oo11
Chord force . . . . . . . . . . . . . . . .. . . .:. . . 20.00034
Pitchingmcment . . . . . . . . . . . . . . . . . . ~. . . *0.00045
Stabilizer hinge moment . . . . . . . . . ... . . ... . &O.ool~
Lift. . . . . . . . . . . . . . . . . . . . . . . . . . . . 30.0010
Drag. . + . . . . . . . . . . . . . . . . ;:. . . . ----. . @.00025i ;..:’

These uncertainties in the coefficients ere msximum instrument variations
due to zero shift and sensitivity of the system and have been comlined
into a precision measure by the method of raference 5. Although normal
and chord forces were directly recorded by the bab.nca-’system,in the
calculation of the data these components were combinedto obtain lift
and drag. Repeated calibrations of the balmce showed,small changes : “
in slope (0.75 percent or less) over relatively long periods of time.
The effects of these changes have beefinegle&tpd @cause .there~ult~
presented in this ~per were obtained.immediately following the initiai ‘“
calibration. Since the interactions between components were small they
were also neglected.

The angle of attack was accurate to kO.~O, the tail incidence
angle was accurate to ti.l”, and the dpamic,pressure could be determined.
within 0.25 percent.

Base pressure measurements were not obtained for.~he Mach nurriber1.40.
tests but were obtained for the Mach number 1.59 test~. These data ~~
indicate that if the drag is based on free<~ream static ~reseure the ~.
drag correction would be within the accuracy of the scale readings except
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for the angle-of-ttack range fram 4° to 10° where the correction would
result in drag about 1 percent less than that presented.

Test Procedure

The longitudinal tests covered am angle+f+ttack range from-ko
to 10° with a range d stabilizer angles from 3.7° to –10.2°. The
stabilizer angles were selected to maintain conditions nesr trim. In
addition, one test was made with the stabilizer removed.

.

DISCUSSION

The veriation with lift coefficient of the angle of attack,
pitchin~oment coefficient, and drag coefficient for several stabilizer
deflections is presented in fi~e 6. (Included in the figure is a
check point for each component obtained with the model in a horizontal
position in order to ~ustrate the concordance with results obtained
with the model in the verticsl position.) “

An attempt has been made to show the mamner in which the vsrious
longitudinal-stability determinants influence the total stability of
the model. Asduming that the tail d-s not affect the lif?t-curveslope
of the ccmplete model and that the stabilizer effectiveness is inde-
pendent of engle of attack, the static longitudinal stability may be
expressed as

()ahwhere —
a% o

is the static longitudinal stability with the tail off

ah (a)ae 1
and” —1 — is the contribution of the tail to the total static

ait ‘—%
longitudinal stability. The variation of the effective downwash angle

tit
with angle of attack determined fran the relation e = a + it - await
is presented in figure 7. A summsry plot of the static–longitudinal–
stability determinants as obtained from the data of figure 6 is shown
in figure 8. I&an the data of figure 8 and the expression fa the static
longitudinal stability, the relative effects of the vsrious determinants



.. . .—\. .
* !.

.—

.

8 QwH!mmmF ., \ NAcA F&lL9LG!3: ___
. . . — --

! ,– . . .
i

.-

on the total stability can be obtained. In general, the complete model .
exhibits a lerge degree of static longitudinal.stabili>y that remains

--

fairly constant through the trf~lift-coefficient range. In the lift-
—

coefficient range up to ~ = 0.16 a rearward shift of the wing-fuselage” ‘-.
aerodynamic center is app~ently counteracted by sm increase in

%
and &/bu so that no change in the complete-model stability occurs.
The slight changes in stability indicated in the CL range from 0.16

to 0.38 are lsrgely a function of’the wing-fuselage aerodynamic-center
shift inasmuch as the decreasing CL and increasing acih tend tO

compensate each other. The stabi.liz% effectiveness ~~ait remains

unchanged through the tri=lift range and hence ~rovides a constant
contribution.to the total stability.

The high degree of stability that exists for the configuration
tested could be reduced by shifting the center of gravity rearward;
however, the center-of~avity location is aresult of low-speed
stability considerations (reference 6) and to decrease the stability
at a Mach number of 1.40 in this manner while maintaining the same low-
speed stabillty would entail a variable center~f~avity location.

Because of the low value of ?mximum trim lift coefficient attain-
able with the maximum negative stabilizer incidence available, the
altitude and maneuverability for a given wfig loading of a ffil-c~e “...
airplane ~imilsr to the model would be limited. !Thevariation with
wing loading of the lift coefficient required for level flight at”
various altitudes iS shown in figure 9. For a wing loading of 50 the
maximum normal acceleration at 40,000 feet is about 4.lg and at
60,000 feet about 1.5g. .!

The variation of stabilizer hi.nge+mment coefficient with lift
coefficient for various stabilizer angles fs:presented in figure 10
end the variation of stabilizer hinge-moment,coefficient with stabilizer
incidence for various singlesof attack is presented in.figure 11. The
hinge+aoment parameters c~ and Chb both have valu5s of about -0.01.

Fairly lsrge values of hinge moments are indicated. Fqr an airplane
flylng at 60,000 feet, for example, the stabilizer hinge moment at the
highest trim lift ccmfficient would be about,70 foot-~ounds per squsre_
foot of stabilizer area. The hinge-momsnt ~ameterssre linear, however$
and their value probably could be reduced through a rearw~d movenqnt ,.. ~ ~
of the stabilizer pivot point; —. .. . .:,

The lift-drag ratio for trinmwd conditions is prqsefitedin figure 12.
—

A =imum value of about 3.2 was obtained atthe highest trim lfft .. _ ‘-.-””-l
—

coefficient. .. -. — .

—

...—
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CONCLL%OINGREMARKS

The results of the static longitudinal
investigation conducted at a Mach number of

9

stability and control
1.40 on a model of a

su~rsonic abcreft configuration having a 40° &e@back wing indicated
a high degree of longitudinal stability that was fairly constant through
the trklif~oefficient range.

The maximum trim lift coefficient attainable @th the mexhmnn
negative stabilizer incidence availalle was low so that for an airplane
similsr to the model the altitude and nuxneuveralilityin flight would
be limited. The stabilizer hinge+uoment parameters were lsrge but,
because of their linesr nature, probably could be reduced by relocating
the stabilizer pivot point.

A meximum lift-drag ratio of about 3.2 was obtained at the highest
trim lift coefficient.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Mr Force Base, Va.
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TABIJ3

Wing:
Area, sq ft .
Aspect ratio .

I.- GEOMETRIC CHARACTERISTICS OF MOIIEL

. . . . . . . . . . . . . . . . . . . .*.

. . . . . . . . . . . . . . . . . . . .
Sweepback of quarter-chord llne, deg . . . . . . . . .
Taper ratio . . . . . . . . . . . . . . . . . . . . .
Mesn aerodynamic chord . . . . . . . . . . . . . . . .
Airfoil section normal to quarte~hord

Ihe . . . . . . . . . . . ...10 percent thi~k.
Twist, deg . . . . . . . . . . . . . .

Horizontal tail:
Area, sqft . . .. m... . . . . .
Aspect ratio . . . . . . . . . . . . .
Sweepback of quartemhord line, deg .
Taperratio. . . . . . . . . . . . .
Airfoil section . . . . . . . . . . .

Vertical.tail:
Area (exposed), sq ft . . , . . . . .

—
●

●

✎

✎

✎

✎

✎

. .

. .

. .

. .

. .

. .

.0

.

.

.

.

.

.

.
Aspect ratio (based on ex~osed srea and span)
Sweepback of leading edge,
Taper ratio . . . . . . .
Airfoil section, root . .
Airfoil section, tip . . .

Fuselage:
Fineness ratio (neglecting

Miscellaneous:

deg . . . .. ~.”.
● ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎✎ ☛✎✎✌✎ ✎ ✎ ✎ ✎

cf3mo@3s) . . ● . .

Tail length from G/4 ting to ~t/4 tail, ft . .

.

.

.
●

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

.

.

.

.

.

.

.

.
●

✎

✎

●

●

✎

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

.
.

.
●

✎

✎

✎

✎

✎

✎

●

✎

●

✎

●

Tail height, wing semisyans above fuselage center line

11

.

. . . 1.1X

.0.

. . . 4:

. . . 0.5

.0. 0.557’

circular arc
..0 0

. . . 0.196

. . . 3.72

.0. 40

“I&i 6W0ii

.0. 0.172

. . . 1.17

.*. 40.6
. 0.337

“ticA 27-010
NACA 27-008

..0’ 9.4

..0 0.917

. . . 0.153
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Figure 3.- Componentptis of nrdel of supersonic aircraft.
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0 .1 .2 .3 .4 ..5 .6
LFt co~fficient, CL

Figure 6.- Effect of stabilizer deflection on the aerodynamic charac-
teristics in pitch. M = l.~.
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Figure 9.- Variationwith wing loadlng of tlm lift coerl’lclentfor trti. M = l.kl.
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Figure 10. - Effect of stabilizer deflection on the stabilizer hinge-moment coefficient. M = l.kl. ~



NACA RM L9L08 ““ ‘ j

.

—

#/2

k
.08“1=
.04

0

-/2.

$--04 u

-8 -4

m
kieg)

‘o

~2

4
Stiabjljzer incidence,+, deg

Figure 11.- Variation of stshilizer hinge-moment coefficient with
stabilizer incidence. ‘M = l.k.

.:——

.

.-

.

., ..- —

—



.

.

NACA RM L9LQ8 27

Q6
\4

0
o / 2 3

Liff cue ffi~ien”f, CL
4*

Figure 12.- Veriation of lift-drag ratio with lift coefficient. M = 1.hO.
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